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THE DEVELOPHMENT OF A NEW LATERAL-CONTROL ARRANGEMENT

By Paul S, Baker
SUMMARY

Development work on an arrangement using ailerons and
spoilers for lateral control was carried out by the Vought-
Sikorsky Aircraft Division of the United Aircraft Corpora-
tion on a small commercial airplane in flight and on an
airfoil in s wind tunnel. Spoiler hinge moments were re-
duced by azerodynamic balance. The arrangement was then
built into an experimental airplane 2nd furtker improve-
ments were adopted as the result of flight and tunnel
tests. ‘ E oo

The use of ailercns for lateral control with flaps
up, spoilers with flaps full down, and gradual transition
as the flaps are lowered was fourd to provide lateral con-
trol under the flight conditions for which they were best
suited. The ailerons were of short span, permitting the
use of long-span flaps, sznd were drooped to0 a relatively
large angle when the flaps were deflected. A high maximum
lift coefficient was thus attained. With larze control
deflections in the intermediate flap-angle range and
spoiler effectiveness near neutral improved by "ventilat-
ing" the spoiler, the lateral control was satisfactory for
the experimental airplane and was a definite improvement
over that of a conventional control arrangement.

[AEN

INTRODUCTION

The improvement of lateral control of airplanes at
low speed has engesged the attention of engineers and re-
searcn workers for som7kime. A rather difficult problem
in lateral control was/presented by the requirements of
an observation airplane designed by the Chance Vought
Aircraft Division of United Aircrsft Corporation. The
over—all dimensions were sirictly limited; a low stalling
speed was required; and excellent lateral controcl was de-
sired. In order to use a monoplane arrangement with rea-
sonable aspect ratio, a meximum 1ift coefficient of about
2.3, power off, nad to be realized to obtain the required
stalling speed of about 50 miles per nour. In order to




obtain this high 1ift, the flaps would need to be of long
span, which would necessitate short-span ailerons. The
teste descrived in reference 1 indicated that 2 monorlane
arrangement with a deflector-plate flap wes Teasible. A
monoplane arreangement had an obvious advantasge in perform-
ance over the alternative solution, a more lightly loaded
bipleane arrangement.

The problem in question was to obtain satisfactory
lateral control in flight up to the stall, that is, up to
the maximum 1ift of the airplane in flight. The object
of the development was to insure that adeguate control
moments were avallable up to the stall. I+t was appre-
ciated that an additional necessary condition for satis-
factory lsteral control is thst demping in roll exist. A
straight leading edge, low 2zpect retio, and low taper
ratio of the wing were considered to be sufficient items
to include to avoid premature loss in damging in roll
through sn early staliing of tkhe tip sections.

At the time the work was started, very little infor-
mation was aveilable on the aerodyramic requirements of
lateral-control devices. Aileron =2nd later2l-control de-
sign were on rather 2n empiriczl basis. The work of Weick
and Jones (reference.2) published about this time made
clear, however, how the motion of an airpleane could be
caleculated 1f its derivstives were known.

Flight erxperience on a convanflonel bivlane equipped
w1tn high-1ift flsps giving a fairly high maximpum 1ift
coefficient showed the importance of providing a high
rolling moment and keeping the ecdverse yawing moment low.
It was spparent that an arrsngement would have to be gro-
vided on the »nrojected airplane to produce a much larger
rolling-moment coefficient at hign angles of attack than
would be available with conventional zilerons and that the
ratio of the adverse yawing moment to the rolling moment:
should be kept at 2 very low value.: :

Wind-tunnel tests rrovided dzts for a preliminary ar-
rangement of controls. The arrangement was tested and
gradually improved on z test esirplane. Finally, an experi-
mental airplane incorporating the lateral-control device
was constructed and test flown.

The tests -were carried out by the Chance Vought Air-
craft Division (later the Vought-Sikorsky Aircraft Divi-
sion) of United Aircraft Corporation during 1937-39.
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WIND-TUNKEL TESTS

Two general series of arrangements were tested in
the M.I.T. wind tunnel: Combinations of conventional ai-
lerons of 0.20c with verious rearwardlr located upper and
lower surface pla2in smoilers were tested, .including the
effect "of drooping the 2ilercns on their effectiveness;
tests were made of speciesl spoiler arrangements developed
at Sikorsky Aircraft in conjunction with the deflector-
plate flap described in reference 1. The results of the
tests were studied in connection with the tests reported
by the NACA in references 3 to 6. It was concluded that
sufficiently large rolling moments with low adverse yaw-
ing moments could be obtained and that flight tests would
be necessary for further development of the projected ar-
rangement.

FLIGHT TESTS

The preliminary design of a laterasl-control arrange-
ment to be adapted to a smzll commercial airplane was
arrived at from the test results and the method of analysis

outlined in reference 2.




As stated in the Introduction, the lateral-control
arrgngement wes first tested on 2 F2irchild eirplane, the
F-24G, which will be termed the "test" airplane. The final
design znd the subsequent modificetions were incorporated
in an "experimentel® sirpleane, the X0S2U-1. 4n attempt
.wzs made to have the arrsnzexent on the test airplane es
close ass possible to that foreseen for the experimental
sirplane. The following factors were kept in mind, in sd-~
dition to those related $o the production of control mo-
ments:

1. The drag increment a2dded to the wing with
flaps up

e

The rigidity end simplicity of construction

[¥3)

The adaptability for modificetion during test

The Test Airplane

Original arrsngement.- Tests totalinz zbout 7 flight
hours were made to develop 2 tecting technique 2nd to ob-
tain characteristics of the unmodified airplene (that is,
8s received from the menufacturer) for wuse as 2 bassis in
evaluating results. The aileron-control chasracteristics
of interest were rolling effectiveness, stick force, and
adverse ysw. The test methods used were rzther crude but
more accurate data could have been obtzined only by the
use of exvcensive and complicated instruments.

The rolling power was determined by meesuring the
time reqguired for the sirglane to bank to a certain angle
at various stick deflections at a given air speed (see
fig. 8), keeping the rudder fixed =t neutral.

4 simple spring indicator installed on the top of
the stick showed the zmount of stick force. The stick-
force indicator is shown in figure 9. The pilot trimmed

the 2irplane at the selected speed, azpplied the stick
against a previously set stop .and, while the airplazne was
rolling, noted the force required to just hold the stick
against the stop. The results sre plotted in figure 10.
The. stick-position indicator shown in figure 9 could have
been used instead of the stops with some sacrifice in
accuracy. -
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The magnitude of the adverse yawing roment was roughly
evaluated by noting the amount that the bank-indicator ball
departed from center and the amount that the nose of the
airplane moved in an opposite sense to the roll, Another
method, dbut one that was discontinued because of the time
involved, was to determine by trial end error the smount
of rudder necessary to counteract the adverse yawing moment.
(See fig. 11.) :

The critical conditions for lateral control, espec-
ially for rolling effectiveness and adverse yaw, occur at
low speeds. The stick forces, of course, are critical at
high speeds. The time-to-bank and the adverse-yaw tests
were tnerefore run at an air speed slightly above the
stalling speed. This speed was high enough that stalling
or flow’sepafation effects did not enter into tke results
but low enough that it could be regarded as a low gliding
speed. 3Snough runs were made at & higher speed to indi-

cate the trend of the variables with speed.

Modified arrangement.- The arrzngement selected for
the initial set-up consisted of flaps and ailerons both of
the deflector-plate type and both arranged to be deflected

" (drooped) 50° by separate crznks. A spoiler wes installed

just forward of the ailerons. An additionsl short-span
spoiler, which could be joined to the main spoiler, was
provided ahead of the outboerd end of the flaps. (See
fig. 1(a).) ' : ‘

4L method was devised by ¥r. R, B. Beisel for operat-
ing the spoiler, up only, one side 2t a2 time. By mezns of
a Watt's linkage (figs. 2 and 3) a movement of the stick
to the right from neutral would deflect the right spoiler
upward while the left spoiler remained stationary, and
opoositely for the left moveément. The control for the
deflector-plate ailerons was set up with a conventional
differentiasl; the drooping was so accomplished by a worm-
ani-sector arrangement that the relation between stick .
and aileron angles mes=ssured from the stick-neutral posi-
tion was unchanged by drooping the ailerons.

1‘The appearance 0f the airplane as used ih»the flight
tests_aftef initisl modification is shown in figures 4,
5, and 6. Dimensional data sre as follows:
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. Wing ares, squere feet . . . . . . . . . . 193.6

ding-span, feet . . . . . o . o L 36,33
Wing canord, feet . . . . . . . . . o oL 5.50

N¥ing aspect ratio e e e e 6.83
Flap area (total, back of hinge), square feet . 16.42

Flap span (total), feet . . . . . . . . . . 14.06
Flap chord, feet C e e e e e 1.17
Maximum flap deflection, degrees . . . . . . 50
‘Aileron area (total), square feet . . . . . . 17.70
Aileron swan (total), feet -. . . . . . . . . 15.18
Aileron chaord, feet . . . . . . . . . . . . 1.17
Maximum aileron droop, degrees . . .. . .. . 50
poiler area (total), sguare feet . . . . . 12.43
Spoiler span (total), feet . . . . . . . . . 20,66
Spoiler chord, feet . . . . .. . . o . . . .60
Spoiler hinge location, percent wing chord . 68.1

In figure 7 are shown the speoil
also hinged fore and aft and could be secured in the
spoiler+neutral position; the .flap and the aileron droop
operating cranks; and the detachable link provided for

tests with combined spoilers and ailerons,

r stick, which was

After the preliminary tests with the initial set-up,
the test airplane was successively modified by 27 changes
to the spoilers and ailerons, tests being made to determine
the improvement. PFlight tests with the modified airplane,
both of lateral-control and flap characteristics, occupied
11l weeks and involved 48 flights.

The same general methods were used in the tests of
the modified airplane as were used.in the tests of the
original airplane except that only pilot's observations
on adverse yaw were made and, in general, the number of
points-for stick-force and rolling-effectiveness measure-
ments were kept at a minimum. No adjustable stops were
provided for the spoiler control but the spoiler deflec-
tions were read from an indicator located just above the
windshield,. - :

The effects of flaps, spoilers, silerons, and ailercn
droop were all gqualitatively explored under different con-
ditions. In the modified arrangement, deflector-plate
flaps were used as both flaps and ailerons, The tendency
of the spoilers to ride up to a high floating angle above
the neutral setting was eliminated by the installation of
a shield below the spoiler, as shown in figure 1(b). In
an attempt to reduce the spoiler hinge moment, 2erodynamic
balance was tried as shown in figure 1(c).




193.6
36.33
5.50
6.83
. 16.42
'14.06
1.17
50
17.70
15.18
1.17
50
12,43
20.66
.60
68.1

1 was
1e
droop
for .

set-up,
changes
ietermine
irplane,
sccupied

ts of
the
tions
er of
easure-
were
eflec-
ve the

aileron
ent con-
late
endency
e above
tion of
). In
odynamic

In general, the spoilers were effective in producing
roll with little or no sdverse yaw. The stick forces were
relatively high. The effectiveness of the spoilers was
greater with flaps and ailerons down than with them up,
and their effectiveness seemed to increase at low speeds.
¥ith flaps down, the spoilers were overbaslanced neer neu-
tral, but the tendency toward overbslance was eliminated
by the shield shown in figure 1(b). Thne test dasta were
used to evaluate, by the method of reference 2, the
spoiler rolling-moment coefficient obteined with flaps and
ailerons down. Somewhat higher values were obtained than
would be indicated from the data of references 4 and 5,
obtained without a slotted flap behind the spoiler. The
belief that the flap slot immediately behind the spoiler
increased its effectiveness wes confirmed by wind-tunnel
tests.
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tion and ing was con-
cerned with the reduction of stick forces. The basic bal-
ance arrangement shown in figure 1{(c) is similar to the
nose balance used on ailerons. Various modifications were
tried to smooth out the. curve. but the desired linear curve
of stick force with deflection was not reached., A re-
rigging of the control. system to limit the spoiler deflec-
tion from 70° to 409 reduced.the stick force. Zxperience
indicated that some departure from the linear variation in
stick force and effectiveness could be tolerated if a more
powerful lateral control were gained.

The rolling effectiveness near neutral was low end a
"dead spot" existed for about 2° of stick travel. The in-
effective range was reduced to 1° by decreassing the maxi-
mum spoiler deflection to 40°, The range wss reduced with
the sileron slot closed but closing was considered unad-
visable because it was necessary to heve the flap and the
aileron slots open for their favorable effect on maximum
1ift and sp01ler effectlveness at moderate and large de-
flections. The poor effectiveness was not a case of lag
or sluggishness; when the spoiler w=s deflected outside
the short .ineffective range, the airplane began immediately
to roll, Typical results obtained with the spoilers are
shown in figures 12 and 13. On account of the relatively
good performance of the spoilers with flaps and ailerons
down and their relatively poor performance gt higher
speeds with flaps and ailerons neutral, it was decided
that in the experimental airplane the use of the spoilers
would be restricted to the flaps-down condition and the
ailerons would be used for control with the flaps up,
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flaps down and at low speeds,
verse yawing moment was just about as great as their effect

a control.

‘stick force wasg

tion appeared to-be approximately the total of the

and adverse yaw.

; The under s&rface

deflector-plate ailerons were found ‘to be adequate
rol when tHey were not drooped bdbut ‘their stick
re very heavy.  When the ailerons were drooped,

the stick forces became progressively lighter and were

overbalanced when the ailerons were drooped beyond an angle
220,

At droop angles greater than 20° with the
their effect in producing ad-

ing roll, and they were entirely unsastisfactory as
The flaps caused a marked reduction in the
speed of the airplane; a maximum 1ift cocefficient
2.4, power-off, was obtained with flaps down 500
leron droop angle of 35°, In an attempt to re-
aileron stick forces, the ailerons were modified
ng the section; the deflector-plate was removed
ose shape was changed., Although more nose bal-
provided than on the original F-24 airplane, the
high. Thie high stick force wasg takan to

that the hluge axis Should ve located within the
ontour. o

wvtests-Were made with a combinstion of the

and the ailerons, a Iink being used :to . join the
0l . sticks. 'The chzrscteristics of the combina-
sepa-
rols in respect to rolling effectiveness, stick
It was found that:deflection of
er tended ta make the aileron benlnd ‘it ride up,
ing to a reduc+1on of stick force for the combl-

mein conclusions ‘arrived at from the teste of the

t) airplane “are:

Spoilers of the approximate type and proportions
ve gatisfactory and much greater rolling effec-
than drooped ailerons at hlgh Lift . QoeLf1c1ents
flaps down. S R

.Wlth the hinge line of the s0011ers at the chord
‘te§teu, the ler was negl*vlble..

of +he s*o1lers shoald be sepa~
shielded from the air flow through- the flap or .
ot to prevnnt overoplance near: neuursl

¢ne effectlveness.ofitne sp01lers.was greatest
flaps and dlerons down and was much less with
and the ailerons up,

il“’”
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5. The effectiveness of the spoilers was appreciably
greater with the slot open than with the slot closed. The
shield did not crltlcally affect this characterlstlc,.and
moving the trailing edge of the spoiler ahead of the trall-
ing edge of the shleld also had no criticel effect

'6. " The effectlveness df'the sp01lers near neutral
tended to be low and therefore the control Iinkage should
be designed to move them up from their ‘neutral position
as rapidly as possible Gonsistent w1th av01d1ng undes&r-
able inertia effects.“

7. A satisfzctory control can be obtained by a com-
binetion of sp01ler< and ailerons.

8. The adverse yaw1n9 moments from the spoilers with
he flaps down wére low and were much lower than those
rom ci;roo ed gi'hnv-mne.

- ot

- 9. Although it may be difficult to obtain a linear
variation of stick force and rolling effectiveness with

‘'stick deflection, some departure from linearity can be

tolerated in v1ew of the other de51rab1e features of the
control.,

The Experimental Airplane

A study of the results of the test airplane led to
the final decision that on the experimental airplane
spoilers would be used for lateral control with flaps
down for landing and ‘ordinary ailerons would be used for
control with flaps up for cruising. An arrangement that
gave a continuous and gradual shift from aileron control
to spoiler control as the flaps were deflected was found
to be possidble. :

A diagram of the spoiler and aileron arrangement in--
stalled on the experimental airplsne is shown in figure 14.
The aileron design was a2 compromise based on 2 normal
hinge location and was intended to have reasonabdbly low
hinge moments and a reasonable slot when drooped.  The
alleron chord back of the hinge was 20 percent and the
nose-balance length and shape were such thet a contracting
slot was provided for all sileron deflections to about 35°
down,
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The spoiler shape was simplified and the spoiler was
moved sufficiently far forward to provide for 2 complete
separation from the aileron or flap slot and for a down-
ward movement of 3° into the wing. The 3° movement made
it possible to start the spoiler moving in the upward
direction before the neutral position was reached and gave
appreciably higher spoiler deflections for small stick
movements near neutral than could otherwise have been ob-
tained. (See fig. 15.) The linkage installation is shown
in figure 16; the position is for the spoiler neutral.

As a result of tests in the Sikorsky wind tunnel, a
_simple vane was decided upon as a balance. Provision was
made in the lower surface of the wing to receive a vane
mounted on arms attached to the spoiler; the size of the
vane could be changed during the modlfications.

The size and the deflections of the control surfaces
were computed as suggested in references 2 and 7, using
as & basis the results of the Sikorsky yindrtnnnel tests,
the flight tests on the test airplane, and the NACA tests
reported in references 4, 5, and 6. The data in reference
7 for the "average airplane” were used to determine the re-
guired rolling-moment coefficients, correcting Lp for

taper and aspect ratio. A criterion of required wing-tip
displacement of 4,2 feet in 1.0 second wss adopted. The
ailerons were of 32 percent semispan and were designed to
give a rolling-moment coefficient that would satisfy the
criterion for low speeds with the flaps up. The'5901ler‘
span wass 41 percent of the semispan, as shown by the
following dimensional data: ‘ '

Wing srea, square feet . . . . . . . . . . . 261.9
Wing span, feet . . . . . . . . . . . . .. 36.0
"Wing aspect ratio . . ' . 4,9
Wing taper ratio (tip uhord to root chord) . .69
Wing mean aerodynamic chord, feet - . . . . . 7.45
Flap ares (total, back of hinge), square feet 35.1
Flap span (total), feet . . . . . . . +« . . 19.7
Flap chord, percent wing chord . . . . . . . 21,2
Maximum flap deflection, degrees . .- . . . . 40
Aileron area (total, bdack of hlnge) square

feet. . . . . L. 13.4
Aileron span (total) feet .. ‘ ' .o 11,5
Aileron chord (constant back of hlnge) feet 1.35
Maximum aileron droop, degrees e e 30

Spoiler area (total), square feet . . . . . 9.98
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36.0
4.9
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7.45
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19.7
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40

13.4

11.5
1,35

30
9.98

Spoiler span (tot=l), feet , , . . . . . 14.7
Spoiler chord (averave) percpnt wing chord 10,3
Spoiler hinge location (averagr), percent

wing chord . . . . . . . . . . 68,0

: . . - A ' degrees up 50
Spoiler motion . . . . .. . .. {degreps down 3
The lateral-control operating system of the experi-
mental airplane is shown schematically in figure 17. The
aileron drooping mechanism, the change-over mechanism for
the shift in control, and the flap mechsnism were all
operated from the same crenk.

The change-over unit mounted in the 2irplane is shown
in figure 18. The unit is rocked later~lly by the pilot's
control stick about a fore—-snd-aft axis through its center.
The aileron droop is obtrined with the unit shown in fig-

Ml b o amam mam omm v m am o~y o~ uggse L oA R T n
ure J.I - + i1 C cz.L.chug,::mcuu W Uugges ed vy Pl o F- Ve

Albrlght

‘In flgure 19 are shown the maximum deflection of the
ailerons end spoilers pletted 2gainst flap deflection.
The totsl of the aileron 2nd spoiler deflection is sub-
stantially constant between the two end values. If the
total sileron deflection with flaps up is taken as repre-
sentative of 2 satisfactory control for this corndition
and the msaximum spoiler deflection ies taken 2s =2 satis-
factory control for the flaps-down condition, then to a
first approximation the control power a2t intermediate flap
settings is represented by the combined total aileron and
spoiler deflections, and satisfactory control is to be
expected.

The experimentdl airplane as set up for the initial
tests is shown in figures 20, 21, and 22, It had no
spoiler bslance and had a separate control for the change-
over unit. After the preliminary flights, the spoiler
balance (fig. 23) was installed and the change-~over unlt
was connected as shown in f:Lgur‘= 174

With flaps up the aileron cbntrol was very light but,
in the pilot's -opinion, it was just on the edge of being -
adequate in power at low speed. With the flaps down and
the ailerons drooped 300, the spoiler control was as
powerful as expected and the airplane had exceptionally
- low adverse yaw. The airplane could be rolled from a
banked turn on one side to one on the other at low speed
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and high 1ift coefficient with the rudder free and with
almost no yawing or sideslipping. For intermediate flap
deflections the maximum rolling effectiveness was unsatis-
factory, being less than with flaps up and sppreciably
less than with flaps full down.

Tae curves of figure 19 show how the total deflec-
tions were improved in the intermediate flap-setting range
by a2 modification of the differential bell crank and an
increase in meximum stick throw in this range. The stick
forces at the intermediate flap settings were appreciably
lower than at the exiremes owing to the combined effects
of aileron overbslance at high droop 2ngles, increased
mechanical advantage of the stick, and effect of the de-
flected spoiler on the up-going aileron.

With flaps full down and spoilers as the sole control,
the serodynamic bYalance was reasonably effective but the
control had an unusual "feel." The pilot, however, soon
became accustomed to the control and encountered no diffi-
culty in meaneuvering or landing. It was felt that the
great improvement in control effectiveness (rapid rolling
combined. with very low adverse yoaw) over that possible
with ordinary ailerons more than offset the unusual feel
ef the control, The feel was definitely not due to lag,
sluggishness, or inerties effect.

Flight tests were also made on the unmodified experi-
mental airplane to determine the veriation in stick force
and time to bank with stick deflection. The results are
plotted in figures 24 and 25.

¥ind-tunnel tests were conducted on 2 rectangular
wing model with an arrangement similar to the one on the
experimental airplane. The spoiler characteristics were
found to be affected by the slot between the flap or
aileron and the wing. Typical curves showing the effect
on 1ift with 'slot open and closed are shown in figure 26,
Passages were drilled in the model to connect the balance
recess with the spoiler recess and the _model was again
tested. The improvement witih "ventilation" is shown in
figure 26, The hinge-moment results with the ventilated
spoiler indicated that a smoother variation of stick
force would be obtained.

The spoiler on the experimental airpl?ﬁe wag venti-
lated by omitting the inner covers over the recesses for
the spoiler bslsnce 2and under the spoiler, os shown in
figure 27, The appreciable improvement in stick force

T




i with

te flap
wansatis-
iably

aflec-
ing range

~and an
L ae stick

reciably
gffectis
zased
the de-

s control,
but the
r, soon
no diffi-

~t the

rolling

isi’ole

al feel
to lag,

i experi-
zk force
lts are

gular

on the
cs were
or
effect
zure 26.
balance
again
own in
tilated
ick

venti-
ses for
#4n in
force

~rate of spoiler deflection from neutral,

13

and rolling effectiveness -can -be seen by comp?ring figures
28 and 29 with figures. 24 -.and 25, -which -are for the same
flight conditions. - The curves of figutres 25 and 29 are
drawn to be symmetricsal about certain points shown on the
plots:s The points have been t ransferred t6 the ofigin in
flgure 30 where the fesults are mofe. falrlv compatred,

When the modifications werte msde; fhe 5p011er balance vas
2lso reduced in areaj which accounts for the indreade in
force between figures 24 and 28, ~

This new lateral-control arrangement has been in-
stalled on the production versions of the same model as
the experimental 2irplane (the X0S2U-1). Certain improve-
ments in the mechanical arrangement gimplified the system
and 2n improved . spoiler linkege msde possible a more rapid
In a second ex-

the operation of the flesps, the alleron
and the chsnge-over unit was made hydraulic

ddgy L ek &

perimental model,
droop,

The main conclusions arrived at from tests of the
experimental airplsne are:

1. The lateral-control arrangement developed pro-
vided a3 higher. maximum lift-coefficient, a2 lower stalling
‘speed, and a more. effectlve lateral control than could

~have been obtained with ordinary ailerons drooped to a
reasonable angle.

2. The drag increase 1ntroduced by the sp011ers was
negllglble..

3. The attalnment of 2 high maximum 1lift coefficient
made possible the use of a monoplane with greater aero-
_dynamic eff1c1ency and performance than would have been
posslble :with a biplane of larger wing area,

4. The development is a step in the direction of the
‘use of full-spsn flaps It utilizes ailerons and spoilers

_.in the fllght condltlons for which their characteristics

are b351celly suited.

5. The present 1eteral contrel arrangement is par-
ticularly adapted to relatively smell airplanes of low
aspect :ratio and low .taper ratio., For other types of .air-
plane in whlch control at low eneeds and high 1ift coeffi-
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cients is of great importance, it is believed that the use
of - the spoiler-type control should be considered, either
alone or in combination with- ai lerons.

Vought-Sikorsky Aircraft Division,
United Aircraft Corporation,
Stratford, Conn.
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NACA Figs. 4,5,86.

Figure 4.-Flaps and aileron drooped dcwnward, spoilers neutral,modified
test airplane.

Figure O5.-Flaps down,ailerons undrooped,spoiler deflected,modified
test airplane.

Figure 6.-Flaps and ailerons drooped,spoilers deflected,modified
test airplane.
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NACA Fig. 12

24

Flaps and ailerons 5
at 33° A
é Airspecd, 55T ph //
20 : ,/
] : /With shicld
f no balance
16 /
1 /
E /
= i H
= 9 x
ks // ]
/ /*/
E 12 / ‘Typical curves
/ 7 with shicld
; // ,A:”//(f weﬁn balance
» / V% i /
; ﬂ /,/ o '/ y/
E - / / J
o 8 o el . /
3 O ) / 9/
3 f; /’ 4 Ju
. - 4 Ve s // :'IA
1 G 1 v v/
> / e /1 ¥o shield
E / e / J/with balanc
= 4 >
T , 77
4 Z o J P
5 // ‘-\\ // ,CT/ .
] o4 O\\L/;__o—/’ .L/
] 0 \\\_ e L 20 30 B 50
: \ o shicld Spoiler;angle, Lag
| \no balange g
: / |
’ Y 7 |
\ S !
& s |
A\\\_'ﬂ—u/ i
‘; i

Figure 12.-Variation of stick force with spoiler angle for
various arrangencnts of the test airplane in the
nodified condition.




NACA Figz. 13

| 4 Flaps anl ailcrons at
. 33° cxcept as ncted
v Airspoed, 35 nph cxcopt
\ as notod
5 \
1
3 .
z @ \
3 1 \
E o] 5\
it e 3\
: ¥ v
3 v \ ‘
B o = \
4 5 \ NI
& \\4 \ - _| .
3 g _ 1 Flaps up, 53Lph
E N | <
i C
ks e \\_\‘ \.\/
G AN N
" 7N\
g 3 — 7 s
S “0riginal | |\ N
S jairplanc ani \ \, 2.
o lailerons N .
;3 b ‘,\ \__\
+ N \ ~
o) S .
?’ 2 < . n PS > . 3 = -
. & {Spoilors,diffcrent AN ERY "o, ~.0
. TN, s .
2 syimbols for various— " [« ™ T- -
< lbalance modifications St T ‘
“x Q@ - “~_§35mph
~— e . - I
e S
1 - _ “‘»\\:xf‘{\y
i S
| l K
]
5 |
' ‘
; !
| |
; i
1 H
! !

] 0 10 20 30 0 50
E i i Spoilor-ain~lc, 1oz , ,
0 20 X0 50 80 100

2 Sticlz deflection oricmal airplanc,porceantasc of total
| Pigurc 13.-Variaticn of time to baxniz with spoiler anglce for
[ the test airplanc in the mciifici conlition.




ey ~
o \\ /. /
ougtdate o X0 v
1date Tujucurasodxo oYt JO0I JUCURYURIIE UOJOTIe PUe JoTTodS- T OanITd
[ k ( ~ P

NACA




NACA Fig. 15
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NACA Figs.20.27.

Figure 20.-¥Wing with flaps,ailerons,and spoilers neutral on the
experimental airplane.

Figure 27.-Sp.iler ventilation on the experimental airplans.




NACA Figs.21,23.

Figure 31.-Wing with flaps and ailerons dcwn and spoilers neutral on the
experimental airplane.

Figure 22.-Wing with flaps and ailerons down and spoilers deflected on the
experimental airplane.




*TTB38 8A0OQB 830UX OT
‘umop TN Suocxerie pue sderd *8I9TYT0ds PajeTIUSA INOYGTM Suerdrte

b TejuswiIadxe 8yj IOoF STIuB NOT18 UITM ©0I0F OT38 JO UOTFVIIBA € 2In3Td
3 p |
= v _
|
21|@ _
w \ _
P
oA “
w \ |
g m
. -
. -4 3 \a _
o
| y !
5y |
\ b e |
L 3- — _
MIILS THOE] /T S3FE93aa ' IONY MOILS MII1S 1437
o el 0__ .¢__ d_. Om _0 N tr < o e + W ol 2l .v__ 9] &1 (o]
- 1 i
T T 1 4 © ) 1 ! T |
| _ :
_g . b\_\ m
|3 ole \ 0
Kel PP _ b SN SN NN WA R S— m— N .
Ix 4 3
1% v 9
2 o 11 1rtr4vrt+rtr =
_... . m e
e SN PR DN (SR SN RSN N NS AU S -
b £ —
L g s =
] g ) ==
_ \ m i pasisnbion
| 3 —
: vii2
¢ —
= *




*T17B38 9A0q8 810Uy O
‘umop Ting suozerte puw sderd 'SISTTods PIgBITjuUeA INOYLTA suwldare
TBjuswtIadXe oy} 103 oT3uv {078 UGTM [[OI JO 9981 888IsAB JO UOT4BIIBA —'g2 oIN3Td

N T

Fig. 25

2t

TasghoL

b S
<

m

|

._

_

_
[
B
!

_

|

_

. ,
R . : . ——
- MO ILS—AHOIY R ¥ umquiw;Gchv_u_»Wlx.v.»m Laa|—— —

o¢c €1 9 9 J« s .,_ r’ : K di 2 #_ i € 0z e

ol
(o]

I

e ot e e

Y
\\—99
4

NACA




i
ACA. iz, 26
- '
: O
' \\\ \\ <
\\\\ \\
\ N N
[ \' \ \\.
X '
\ \
\ \ AN o
AY . [9at
\, -.\\" \
O\
O\ \
‘\\ )
N\, ‘\5 \
U '®
NN 5
\\\ N A o g
\ N \ O -
NN \ w + :
\\. \ \ '3 v} ‘
N \ — i
r\ K \\\ o - !
. \ AN + g e,
W\ N S ®© o
= < — > ‘?
A Y P [ols] :
\ N, O ©
\ AN / % r{ ~
AN \ : y
\ v ; 8
A & 2 d
N \ — g2
\, N *3
.v\ .\x "r—l ~
N \ / o ®
ANCUUPIN U BRI N I S —
. o ot
. —\ “ 3 (o)
. \ ‘\
™ . <
i‘\ \'\ \-
AN \ \
\\ ) "
' e ///I \\\ \\ \
e
-~ \'\ \\ \1
g 9 AN 5\ 9
;: e N - \ \ fma
+ X
O o N\ \ \
Q4 AN . N '
o = . \ }
£ o h N \
)
3 8 \ AN
w : h \
\ Te
Q. Y
3 NN \
= AN
A
O\ \
N
Ip ¥ ‘3TeI0T33000 3JWT UT ovUBYD \|
© in < 0 fa¥] e o
! ! ! ! ! !
Figure 36.-Change in 1ift with spoiler deflection for various :
arrangenments.




*gIa7T0d8 POJUTTIUSA Y3T# sumpdiie
TeyusmtIadxe ous I03 STHUB JOTI® UGTM @OIOF JOT38 JO UOTLBIIBA —°88 2In3Td

AR

Fig. 28

it

2l

o/ +—

l
T T
21+ o . ﬁ
# 4 |
_
~=3>715 IHDI T SI7HDIT ~ FIONY HILE | HILSLT —
o w 2 o & » 2 2 # y & o ¥ W
1 " “ ' 1 v
P,
. A T2
Y,

L7 OL ML

o & o2

LINWIT YOILS

o
]
$G/  FOHOS HILS

FTONY HOILSE 4 7IY0S HIILS

e

¥
|
—~ A O HSid

"~ NACA




Fig. 28

NACA

*sIeTT0d8 DPRYBTTIUSA YITH ©
oyl I07 oT3um Y0738 Y3Ta [[OI JO 938BI 83BIAAR JO UOTHBIIBA -°BZ2 9INn3T4

ueTdIys pejuewtredxa

X

——t

Y

y,

2

Y

of—

AL IS7 0L

S7

~J1ONV [ HO/LS

~t¥O/LE LY WN MOILS L7 —~
=>4 &/ 9/ 74 Z o/ £ F'd r4 } 4 4 y o/ 2/ » 9/ & oe
o
| "
I -
N A N
P\ o

R ; a1
\ S
N —
! M , w.
B M
1 L4 7
T,L N

. of—
| g
iy FTONY NOILS FA 770 40 FLVSY

24 27—

+

~— LN L




4.‘;ﬁl.4%me!.!.i‘qaul-tz¢|..Jnmmawmtw:wzw.i 1T
N
N

/
s/
/

8
Stick angle,deg Right stick

L | i | N oo

, ”
%) < AN 0 © & b of\ « < b Q
— ~ — .
1U311 0] 008/39F ' TT0I JO 83®I 0RISAY Myh, 1797 ol

10__.1;_mE1' oved

20

[00]
—

stick angle for the experimental airpiane

with and without ventilated spoilers.

!

Figure 30.- Comparison of average rates of roll with

Left stick
/.

WACA




